Regulation of clustered protocadherin genes in individual neurons.
Individual neurons are basic functional units in the complex system of the brain. One aspect of neuronal individuality is generated by stochastic and combinatorial expression of diverse clustered protocadherins (Pcdhs), encoded by the Pcdha, Pcdhb, and Pcdhg gene clusters, that are critical for several aspects of neural circuit formation. Each clustered Pcdh gene has its own promoter containing conserved sequences and is transcribed by a promoter choice mechanism involving interaction between the promoter and enhancers. A CTCF/Cohesin complex induces this interaction by configuration of DNA-looping in the chromatin structure. At the same time, the semi-stochastic expression of clustered Pcdh genes is regulated in individual neurons by DNA methylation: the methyltransferase Dnmt3b regulates methylation state of individual clustered Pcdh genes during early embryonic stages prior to the establishment of neural stem cells. Several other factors, including Smchd1, also contribute to the regulation of clustered Pcdh gene expression. In addition, psychiatric diseases and early life experiences of individuals can influence expression of clustered Pcdh genes in the brain, through epigenetic alterations. Clustered Pcdh gene expression is thus a significant and highly regulated step in establishing neuronal individuality and generating functional neural circuits in the brain.